Introduction
The analysis of the determinants of a firm's R&D activity is a classic concern of the Economics of Innovation, dating from the seminal contribution by Griliches (1979) (see also Griliches, 1994 and 1996) . More recently, endogenous growth models have singled out human capital and its accumulation through education and knowledge as the main sources of long-term economic growth (see Mankiw et al., 1992; Romer, 1994; Lucas, 2002) . In this respect, several studies state that R&D investment represents the main engine of technological progress and economic growth (see Nelson and Winter, 1982; Mansfield, 1988 ; Aghion and Howitt, 1998).
Interest in the field has been reawakened following recent reports that identify the essential role played by a specific type of firm -the so-called Young Innovative 1 According to the European Commission's State Aid rules, Young Innovative Companies are defined as small companies, less than six years old, 'certified' by external experts on the basis of a business plan as capable of developing products or processes which are new or substantially improved and which carry a risk of technological or commercial failure, or have R&D intensity of at least 15% in the last three years or current year (for start-ups).
Despite this policy concern, few studies have explicitly examined the specific characteristics of YICs and their contribution to Europe's innovative performance.
Moreover, little evidence has been gathered on a number of important issues that could have major policy implications. What, for example, are the factors that might lead a young firm to engage in R&D? Are there substantial differences in the factors that affect the level of R&D investment in young firms, on the one hand, and mature firms, on the other? Is the R&D process equally persistent in firms of different ages?
By drawing on a large longitudinal dataset of Spanish manufacturing firms, the objective of this paper -and its main novelty -lies in the assessment we make of the differences that exist between firms of different ages in terms of the factors that stimulate the probability of their engaging in R&D activity, on the one hand, and those that determine the intensity of this activity, on the other. A recently proposed dynamic type-2 tobit model (Raymond et al., 2010) is applied to perform the econometric analysis.
The remainder of the paper is organised as follows. Section 2 provides a brief review of previous studies of the determinants of R&D. In Section 3 we present the hypotheses that will be tested. Section 4 provides a discussion of the econometric methodology adopted. In Section 5 we present the data and the variables used in the empirical analysis. The estimation results are discussed in Section 6, while in Section 7 the main conclusions and findings of the study are briefly summarised.
The literature
The first author to conduct a theoretical analysis of the determinants of R&D activities was Joseph Schumpeter. In "Capitalism, Socialism and Democracy" (Schumpeter, 1942) , the Austrian scholar claims: 'The atomistic firm operating in a competitive market may be a perfectly suitable vehicle for static resource allocation, but the large firm operating in a concentrated market is the most powerful engine of progress and … long-run expansion of total output'. This simple statement has inspired a vast and wellestablished body of literature, both theoretical and empirical, which has -with some exceptions -confirmed Schumpeter's predictions (the so-called "Schumpeterian The first comprehensive discussion of the technology-push hypothesis was propounded by Mowery and Rosenberg (1979) . The core idea is that the rate and direction of technological change is basically affected by advances in science and technology and by the availability of exploitable 'technological opportunities' (see Klevorick et al., 1995) .
Subsequent studies extended this notion stressing the key role to be played by knowledge investments in fostering firms' 'absorptive capacity', that is their ability to exploit external technological opportunities (see Mowery, 1983; Pavitt, 1984; Cohen and Levinthal, 1989 and 1990; Rosenberg, 1990; Rosenberg, 1994) .
In essence, the technology-push theory holds that R&D activities are dependent on their own rules of development. Thus, within a firm, R&D activities are highly localized (Atkinson and Stiglitz, 1969) and path-dependent (see Rosenberg, 1982; David, 1985) .
Closely related to these concepts, is the idea of a dominant 'technological trajectory' according to which innovation, and in particular R&D activities, are processes that show high degrees of cumulativeness and irreversibility and, as a result, are characterised by a higher level of persistence (see Dosi, 1988 
Hypotheses to be tested
As discussed in the introduction, the purpose of this paper is to identify any differences that might exist between young and mature firms in terms of the factors that stimulate the probability of their engaging in R&D activity and those that determine the intensity of this investment. Specifically, and bearing in mind the discussion presented in the previous section, we propose the following two research questions:
-Do YICs show the same degree of sensitivity to certain drivers as that shown by their mature counterparts when deciding whether to engage in R&D activities and when choosing how heavily they wish to invest in R&D?
-Furthermore, is innovation in YICs less persistent than it is in their mature counterparts?
It is not an easy task to identify specific theoretical predictions concerning these questions. Indeed, to the best of our knowledge, no previous studies have examined the R&D determinants of young firms, although there is some evidence of the role of a firm's age in determining the decision to engage in R&D activities and in enhancing its investment in R&D. 2 However, some hypotheses can be derived from the related streams of literature discussed in the previous section.
An initial source of the differences manifested by firms of different ages might well be related to the impact that financial and liquidity constraints have in determining a firm's decision to engage in R&D. Clearly, a lack of finance is a major hindrance to innovation The above discussion points to a negative relationship between a firm's age and liquidity constraints, suggesting that young firms are more sensitive than their mature counterparts to some R&D determinants. More specifically, the following hypotheses can be drawn:
H1: Since YICs may be affected by liquidity constraints and possible credit rationing, they attach greater importance than do their mature counterparts to current sales and internal cash flow when deciding to invest in R&D activities. A firm's experience and capacity to absorb knowledge are also important in determining the magnitude of the impact on a firm's innovation activity through the exploitation of economies of scope:
H5: Well-established firms, being characterized by a larger scale and greater experience and absorptive capacity, are in a better position to take advantage of economies of scope. Accordingly, product diversification is expected to be a more important R&D driver for mature innovative firms than for YICs.
In line with the arguments presented above, the availability of advanced skills is one of the main ways in which a young firm can compensate for its lack of experience and its limited absorptive capacity; therefore: H6: Given their lower level of experience and absorptive capacity, YICs should be more dependent on their own skill endowment as an internal driver of R&D investment.
Finally, appropriability conditions can be expected to be much more relevant R&D drivers for mature, larger incumbents than they are for young, small newcomers (see Acs and Audretsch, 1988 and 1990; Audretsch, 1997). Hence, the following hypothesis can be forwarded:
H7: The degree of market concentration is more important in stimulating the innovation activity of mature firms than in stimulating that of their younger counterparts.
Econometric methodology
Following Artes' (2009) approach, we model an R&D firm's decision-making process by distinguishing between long-and short-run strategies. Specifically, we assume that the long-run, or strategic choice involves deciding whether to engage in R&D activity or not, while the short-run decision concerns how much to invest in R&D. Formally, we have: The dynamic nature of these two equations, together with the fact that equation (2) can only be observed for those firms that invest in R&D activities, leads us to employ an econometric methodology based on the application of a dynamic type-2 tobit model.
To estimate such a model, we must first solve two problems, namely: 1) the presence of unobserved individual effects; 2) the correlation between the initial conditions and the individual effects. The latter problem occurs because the first observation for each firm referring to a dynamic variable (initial condition) is determined by the same data generation process, and so it turns out to be correlated with both the individual error term and the future realizations of the variable.
In order to deal jointly with these problems, we use the methodology proposed by
Raymond et al. (2010) . First, we assume the individual error terms, and , have a joint distribution and we apply a random-effects approach. Second, we treat the initial conditions problem in line with Wooldridge (2005) , and assume that the unobserved individual effects depend on the initial conditions and the strictly exogenous variables: and (" , " ) are assumed to be independently and identically (over time and across individuals) normally distributed with means 0 and covariance matrices, equal to: Table 1 shows the composition of this unbalanced panel according to the number of years a given firm is observed. As can be seen, around 59% of the 3,489 firms included in the final sample were observed for fewer than seven years. The remaining 41% were observed for at least seven years and a far from negligible percentage (around 25%) were observed for more than ten years. 
< INSERT TABLE 1 >
Given the specific aim of this study, we needed to establish an age threshold so as to divide the full sample into young and mature firms. We opted for eight years, in order to obtain a good degree of representativeness in the sub-sample of young firms, albeit without extending the age threshold too far.
9 Table 2 shows the size of the two subsamples of mature and young companies, according to their innovative status. As can be seen, about 33% of the total sample of firms engage in R&D (both internal and external), whereas only 21% of the 1,168 firms aged eight years or less engage in R&D activities. Hence, the proportion of R&D performers increases with the age of the firm. Table 3 shows the transition probabilities of engaging in R&D activities or otherwise during the period analysed, distinguishing between mature and young firms.
< INSERT TABLE 2 >
Unsurprisingly, innovation is highly persistent, while transitions are very rare. Nearly 88% of R&D performers in one period persisted in this activity during the following year, with just 12% interrupting their innovative activities. By the same token, roughly 94% of non R&D performers maintained this status into the subsequent period while just 6% initiated innovation activities. Interestingly, less persistence is observed in the sub-sample of young firms; in fact, only 81% of young R&D performers in one period maintained this status into the next period.
< INSERT TABLE 3 >

Variables
In line with the econometric methodology described in Section 4, two dependent variables are considered for the dynamic equations: a dummy variable that takes a value of 1 if R&D expenditures (both internal and external) are greater than 0 is used in equation (1); and the natural logarithm of R&D expenditures as a measure of a firm's 9 Robustness checks were performed assuming alternative thresholds of nine and ten years. Our results -available upon request -are consistent (both in terms of the sign and statistical significance of the estimated coefficients) with those discussed in Section 6. In contrast, convergence problems prevented us from running robustness checks for thresholds lower than eight years, because of the paucity of observations within the sub-sample of young firms.
innovative effort is used in equation (2). The covariates are then selected according to the theoretical discussion advanced in Section 2 and the seven hypotheses proposed in Section 3.
The rationale underlying the strategy adopted in differentiating between the two equations is linked to the time horizon of the firm's R&D decisions. 10 In other words, it is plausible that some factors are only important in determining a firm's long-run decision (equation 1), while others are relevant in both cases (equations 1 and 2).
In the case of those factors that only affect a firm's decision as to whether or not to engage in R&D, we have introduced two dummy variables: the 'CONC' variable that indicates whether a firm operates in a highly concentrated market (with fewer than 10 competitors); the 'DIVER' variable which identifies firms with greater product diversification. Our decision to include these variables in the selection equation only is based on their discrete nature and on the fact that they depict firm or market characteristics which are highly persistent over time. Therefore, it is plausible to think that these structural features may affect a firm's long-run decision to undertake R&D activities or not.
In the case of the regressors that are included in both equations, we first sought to verify the demand-pull hypotheses H1, H2 and H3 by considering a dummy variable, 'DYNAM' 11 -that takes a value of 1 if the main market in which the firm operates is expansive -and two continuous variables: 'LEXP_1'and 'LSUB_1' that record, respectively, the value of the firms' exports and the total amount of subsidies received by the firms (both in logs). In order to avoid possible problems of endogeneity, we have considered the one period lagged value of both the continuous variables.
12 10 The decision to distinguish between the two equations was undertaken exclusively on theoretical grounds. In fact, given that the econometric methodology used here is based on a fully parametric approach, there are no exclusion restrictions in the vectors of what are strictly exogenous explanatory variables. This means that in equation (1) and in equation (2) may be the same, completely different or they may have common explanatory variables (see Raymond et al., 2010) . 11 In principle, it would have been better to consider a continuous variable measuring a firm's total sales; however, to avoid multicollinearity due to the high correlation between this variable and the LEXP_1 variable (ρ=0.75), we opted in favour of a dummy variable. 12 In fact, as discussed in Section 2, it may well be the case that innovative firms are more likely to receive public subsidies and to enter foreign markets.
A further factor that might prove to be important in determining both decisions is represented by the 'SKILL' variable (see hypothesis H6). This measures the proportion of skilled employees (engineers and graduates) within a firm.
Finally, the log of employees is included in both equations, in order to control for firm size ("Schumpeterian hypothesis"). Table A1 in the Appendix describes the variables used in the empirical analyses, while Table 4 reports the corresponding descriptive statistics, distinguishing between the total sample, mature and young firms. Table 5 shows sectoral composition and firm's average size of the total sample and distinguishes between young and mature firms. As can be seen, no striking sectoral differences emerge; however, to control for any particular industry-specific market and technological factors that might affect a firm's propensity to engage in R&D activities, a set of industry dummies was included in all the regressions (19 two-digit dummies).
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< INSERT TABLE 4>
As expected, young firms are systematically smaller than their mature counterparts (on average 103 vs 228 employees). This confirms that firms' size increase with age. As mentioned above, in order to ensure that the results of the analysis are not affected by any potential scale effect, we included in both equations the 'LEMP' variable, which measures the logarithm of the total number of employees in a firm.
Finally, all the estimates were checked for time dummies, in order to take into account possible macroeconomic and cyclical effects.
< INSERT TABLE 5 >
13 As can be seen, for most the explanatory variables the between variation (across firms) is much higher than the within variation (time variation). This trait, which is very common in firm-level datasets, means the variables are strongly correlated with their Mundlak or within means (see Table A2 in the Appendix). Thus, to avoid problems of multicollinearity between the variables and their within means (which might bias the results of the main estimations), we followed the strategy adopted by Raymond et al. (2010, FN 8, p . 500) and we assumed the individual error terms to be correlated only with the initial values of and . Table 6 reports the econometric results of the dynamic panel data type-2 tobit model applied to the whole sample and independently to the two sub-samples of mature and young firms. Specifically, the top part of the table shows the estimates of the equation (1) 
Results
< INSERT TABLE 6 >
As can be seen from the bottom section of Table 6 , the initial conditions are highly relevant and the two equations are highly correlated via the individual effects and the cross-equation correlation. 14 Furthermore, the high level of significance of the coefficients of E 0 and E 0 indicates the need to take the unobserved heterogeneity into account. On the whole, these evidences support the adoption of the dynamic type-2 tobit model.
The first obvious result is the occurrence of persistence in innovation activity. As can be seen, the coefficients of the two lagged dependent variables are positive and highly significant in both equations and in all three models. This means that -even after controlling for individual unobserved heterogeneity, sectoral belonging and firm's characteristics -past innovative behaviour strongly affects both the current probability of engaging in R&D activity and the current level of R&D investment. However, both coefficients are smaller (by about 20%) for the young firms and these differences turn out to be highly significant in both the equations (see the last column of Table 6 ).
According to our hypothesis 4 (see Section 3), this outcome suggests that, owing to their lack of experience, young firms are less persistent in their innovative behaviour and that their innovative processes follow a more erratic path than that taken by their mature counterparts.
Apart from past innovative behaviour, other firm and market characteristics are found to be important R&D drivers.
Firstly, we turn our attention to the demand-pull theory. Indeed, the sign and significance of the DYNAM dummy variable suggest that favourable, expansive demand conditions are important factors both in increasing the probability of firms becoming R&D performers and in increasing the amount of their innovative investment.
This holds true for both mature and young firms. However, as can be seen, the coefficients are larger in the case of young firms, although -in this case -the differences are not statistically significant. This result weakly corroborates our hypothesis 1, according to which newly created firms -due to their problems of liquidity constraints and credit rationing -are more sensitive to market prospects than their mature counterparts when deciding whether to engage in R&D and how much to invest.
This line of reasoning also applies to the outcome concerning LEXP_1 variable: while in the selection equation its positive impact is obvious both for the mature and young firms; in the main equation its role is still positive and highly significant for the YICs, but appears not so relevant in the case of the mature firms 15 . Bearing in mind our hypothesis 2, this result can be seen as evidence that the level of exports -representing a fundamental component of demand evolution -plays an essential role in fuelling the innovation activity of firms that are more liquidity constrained, as is the case of the young firms.
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Conversely, a result that contrasts with expectations is our finding that young firms do not appear to be any more responsive to the amount of public subsidies received when determining how much to invest in R&D activities. Although subsidies are associated with a higher probability of firms becoming R&D performers in all three samples, the level of R&D investment among young firms is not significantly affected by the amount of subsidies they receive in the previous period. These results, which run contrary to hypothesis 3, seem to suggest the need to design different policy measures to support the innovative activity of different cohorts of firms (i.e. young vs. mature).
Turning our attention to the remaining results, the CONC variable appears to increases the probability of engaging in R&D activities, but this relationship is statistically significant for the mature firms only. This is in line with our hypothesis 7 and confirms that only well established firms can take full advantage of market appropriability conditions.
A further result that is line with expectations (H5) is our finding that the DIVER regressor significantly increases a firm's probability of engaging in R&D only with reference to the mature firms. This outcome suggests that mature firms, thanks to their larger scale and greater experience, are more able to exploit the innovative benefits derived from scope economies.
Firms with more high-skilled workers are more likely both to engage in R&D activities and to increase their amount of R&D investment. Interestingly enough, the results from the main equation support the proposed hypothesis 6, according to which YICs are expected to be more dependent on their own skill endowment 17 .
Finally, the "Schumpeterian hypothesis" turns out to be significantly and homogeneously confirmed by our empirical analysis: larger firms are more likely both to engage in R&D activities and to invest more in R&D, and this is true both for the mature companies and for the YICs.
Conclusions
This paper has examined the determinants of R&D activities using a large, representative sample of both young and mature Spanish manufacturing firms for the period 1990 to 2008. The econometric analysis conducted has used a recently proposed dynamic type-2 tobit model, jointly accounting for both individual effects and endogeneity and handling the initial condition and sample selection problems.
Importantly, both engagement in and the amount of investment in R&D present a very high degree of persistence over time. However, a lower degree of persistence is found in the innovative processes carried out within YICs. This could reflect the relative inexperience of such firms, resulting in a more erratic implementation of R&D projects.
Moreover, accordingly with our hypotheses, we found that market concentration and product diversification appear to increase the probability of engagement in R&D only in the case of the mature firms. By contrast, YICs are found to be more sensitive to 'demand-pull' factors, such as expansionary demand conditions and the amount of exports. This outcome is consistent with the hypothesis that young firms are likely to be more credit constrained and, as a result, more dependent on internal resources that are more closely correlated with the evolution in market demand. Finally, inexperienced
YICs rely more on their skill endowments. -0.072*** (-7.51) -0.079*** (-7.74) -0.102*** (-3.14) --t-statistics in brackets: * Significant at 10%; **5%;***1% All regressions include time and industries dummies (results available upon request). 
